The bacteria belonging to the class Dehalococcoidia, due to their ability to dehalogenate chlorinated compounds, are of much interest for bioremediation of contaminated sites. We report here comparative analyses on different genes/proteins from the genomes of members of the class Dehalococcoidia. These studies have identified numerous novel molecular markers in the forms of conserved signature indels (CSIs) in broadly distributed proteins and conserved signature genes/ proteins (CSPs), which are uniquely found in members of the class Dehalococcoidia, but except for an isolated exception, they are not found in other sequenced bacterial genomes. Of these molecular markers, nine CSIs in divergent proteins and 19 CSPs are specific for members of the genera Dehalococcoides and Dehalogenimonas, providing potential molecular markers for the bacterial class Dehalococcoidia. Additionally, four CSIs in divergent proteins and 28 CSPs are only found in all members of the genus Dehalococcoides for which genome sequences are available, but they are absent in Dehalogenimonas lykanthroporepellens and in other bacteria. The gene sequences of several of these CSPs exhibiting specificity for the genus Dehalococcoides or the class Dehalococcoidia are highly conserved and PCR primers based upon them provide a novel means for identification of other related bacteria. Two other CSIs identified in this study in the SecD and aspartate carbomyltransferase proteins weakly support an affiliation of the class Dehalococcoidia with the other members of the phylum Chloroflexi.
Chlorinated compounds, such as tetrachloroethene (PCE), trichloroethene (TCE) and polychlorinated biphenyls (PCBs) have been extensively used for industrial purposes since the 1930s. Contamination of ground water systems, soils and aquatic environments by these compounds has been observed worldwide due to improper handling and disposal procedures, which have occurred over the course of many years (Adrian et al., 2000; Löffler & Edwards, 2006) . The members of the class Dehalococcoidia (formerly known as 'Dehalococcoidetes'), comprised of a single family Dehalococcoidaceae, are one of the few bacterial lineages that are capable of dehalogenating chlorinated compounds to non-toxic compounds (Adrian et al., 2000 (Adrian et al., , 2009 Fennell et al., 2004; Maness et al., 2012; Löffler et al., 2013; Bowman et al., 2013) ; due to this they provide promising means for the bioremediation of sites that are contaminated with chlorinated compounds (Adrian et al., 2000; Smidt & de Vos, 2004; Moe et al., 2009; Cheng et al., 2010; Hug et al., 2013) . Thus, it is of much interest to develop methods that will prove useful in the identification/discovery of bacteria belonging to this important class.
The members of the class Dehalococcoidia are strictly organohalide-respiring bacteria (Löffler et al., 2013) , which are commonly identified on the basis of their branching in the 16S rRNA as well as some other gene/protein trees (Löffler et al., 2000 (Löffler et al., , 2013 Yan et al., 2009; Cheng & He, 2009; Hatt & Löffler, 2012) . The availability of genome sequences provides new opportunities for discovery of molecular markers that are specific for members of this group and can be used for their identification (Dutilh et al., 2008; Gao & Gupta, 2012a; Gupta et al., 2013) . Genome sequences are currently available for 11 members from the family Dehalococcoidaceae representing both of its known genera, i.e. Dehalococcoides and Dehalogenimonas (Seshadri et al., 2005; McMurdie et al., 2009; Siddaramappa et al., 2012; NCBI, 2013; Pöritz et al., 2013) . This report describes the results of comparative analyses of these genomes, which have identified many novel molecular markers that are specific for either the genus Dehalococcoides or the family/ class Dehalococcoidia and provide novel means for distinguishing them. The molecular markers identified in this work are of two kinds and they consist of either conserved signature indels (insertions or deletions) (CSIs) in protein sequences that are limited to the members of these groups, or entire genes/proteins, referred to as conserved signature proteins (CSPs), that are specific for them.
The identification of these molecular markers was carried out following the same procedure as described in our earlier work (Gao & Gupta, 2012b; Gupta et al., 2013; Naushad et al., 2014) . For identification of CSIs, protein sequence alignments were initially made for homologues of different proteins from the genome of Dehalococcoides mccartyi strain 195. These alignments, which included information for members of the family Dehalococcoidaceae as well as a number of outgroup bacteria (generally 8-10), were examined for the presence of any insertion or deletion in a conserved region that was limited to members of the family Dehalococcoidaceae. The species specificity of these indels was further investigated by BLASTP analysis of the top 250 hits. For identification of CSPs, BLASTP searches were conducted on all proteins from the genome of Dehalococcoides mccartyi strain 195 and those proteins were identified for which all significant BLAST hits were from members of the class Dehalococcoidia. A protein was considered to be specific for this group if a large increase in E value was observed between the last hit belonging to the family Dehalococcoidaceae and the first hit from any other bacteria and the E values for the latter hits were .1.0610 23 (Gupta & Mok, 2007; Gupta & Mathews, 2010) .
Our analyses have identified nine CSIs in different proteins that are either completely or largely specific for different members of the class Dehalococcoidia with sequenced genomes. The proteins in which these CSIs are found include a GTP binding protein, F 0 F 1 -ATP synthase alpha subunit, imidazole glycerol-phosphate dehydrogenase, serine hydroxymethyltransferase, adenylate kinase, hydrogenase formation/expression protein HypD, DNA gyrase subunitA, exinuclease ABC subunit A and ribulose-phosphate-3-epimerase. Information for these CSIs is summarized in Table 1 and their sequence alignments are presented in Figs S1-S9 (available in the online Supplementary Material). The identified CSIs in these proteins are present in all of the homologues from members of the class Dehalococcoidia, except for one or two isolated instances seen in a few cases; similar CSIs were not found in any other bacteria in the top 250 BLAST hits. The class Dehalococcoidia (family Dehalococcoidaceae) comprises two genera, Dehalococcoides and Dehalogenimonas. Of the sequenced genomes, ten are for different strains of Dehalococcoides mccartyi or other unclassified species of the genus Dehalococcoides, while one is from a member of the genus Dehalogenimonas (Seshadri et al., 2005; Siddaramappa et al., 2012; NCBI, 2013; Pöritz et al., 2013) . Our analyses have also identified four CSIs in the proteins indolepyruvate ferrodoxinoxidoreductase subunit alpha, AMP binding enzyme, carboxyterminal protease and orotidine 59-phosphate decarboxylase, which are specifically present (isolated exceptions noted) in all sequenced homologues from the species of the genus Dehalococcoides. Sequence information for these CSIs is provided in Figs S10-S13 and also summarized in Table 1 . In all of these cases, the CSIs in these proteins were The placement of the class Dehalococcoidia within the phylum Chloroflexi was unclear according to results from a recent study (Gupta et al., 2013) . However, two CSIs identified in this work now weakly support the placement of the class Dehalococcoidia within the phylum Chloroflexi.
In both these instances, CSIs of different lengths are present in the same position in members of the class Dehalococcoidia as well as in members from the other classes of the phylum Chloroflexi (Table 1 ). In one of these examples (Fig. S14) , a 4 aa insert in a conserved region within the SecD protein is present in all members of the class Dehalococcoidia for which the genomes have been sequenced, whereas other members of the phylum Chloroflexi were found to contain a 3 aa insertion at the same position. In another case, the catalytic subunit of the protein aspartate carbamoyltransferase contains a 3 aa insertion in different members of the class Dehalococcoidia, whereas other members of the phylum Chloroflexi contain a 2 aa insertion in the same position (Fig. S15) . Except for members of the phylum Chloroflexi, similar CSIs are not present in any other bacteria in the top 250 BLAST hits. The shared presence of these CSIs in the same position in all of the species of the phylum Chloroflexi in these cases provides suggestive evidence that the species of the class Dehalococcoidia are specifically related to the other members of the phylum Chloroflexi and that they shared a common ancestor exclusive of other bacterial phyla (Gupta et al., 2013) . However, due to the different lengths of CSIs in the species of the class Dehalococcoidia and the other members of the phylum Chloroflexi, the possibility that these CSIs are the results of independent genetic changes cannot be excluded.
Whole proteins or CSPs that are uniquely found in a particular group of organisms are another important category of molecular markers for identification of different groups of bacteria in molecular terms (Lerat et al., 2005; Dutilh et al., 2008; Gao & Gupta, 2012b) . Our analysis of the Dehalococcoides mccartyi genome has identified 19 CSPs whose homologues are present in all of the members of the class Dehalococcoidia for which genome sequences are available, but for which no significant BLAST hits (based on the criteria noted earlier) were observed from any other bacteria (Table 2) . However, six of these proteins (viz. YP_180923.1, YP_180984.1, YP_181055.1. YP_181067.1, YP_182216.1 and YP_180830.1), which are annotated as reductive dehalogenase (Rdase) anchor proteins, are homologues of each other. Similarly, two other proteins viz. YP_181380.1 and YP_181580.1, which are annotated as hypothetical proteins, are also homologous. Additionally, these studies also identified 28 CSPs, for which all significant BLAST hits were observed for members of the genus Dehalococcoides ( Table 2) . Two of these proteins, YP_ 182254.1 and YP_181069.1, which are annotated as lipoproteins, show significant sequence similarity to each other. Due to the unique presence of the homologues of these proteins in either the members of the genus Dehalococcoides or of the class Dehalococcoidia, the genes for these CSPs probably originated in the common ancestors of these groups of bacteria. The cellular functions of most of the Dehalococcoidia-or Dehalococcoides-specific proteins are not known and they are annotated as hypothetical.
Earlier work on CSIs and CSPs that are specific for other groups/phyla of bacteria provides evidence that these markers exhibit a high degree of specificity and predictive ability for the indicated groups (Gao & Gupta, 2005 , 2012a Bhandari et al., 2012) . In this context, it is of much interest to note that the sequences for many genes/proteins that contain molecular markers that are specific for either the genus Dehalococcoides or the class Dehalococcoidia are highly conserved. For example, for the CSP, YP_181177.1, the E values in BLAST searches for members of the class Dehalococcoidia ranged from 1.0610 2163 to 1.0610
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(with protein lengths ranging from 227 to 237 aa), whereas the E value for the next best BLAST hit was 7610 202 (for a protein from Pirellula staleyi that is 673 aa long), which is not significant (Altschul et al., 1997) . Based upon the E values, the protein YP_181177.1, which is limited to members of the class Dehalococcoidia, should show high degree of sequence conservation within this class of bacteria, which is reflected in the amino acid or nucleotide sequence alignments of the gene for this protein. A partial nucleotide sequence alignment of the gene for this protein is presented in Fig. S16 . Some regions in this gene sequence, which are highly conserved in all members of the class Dehalococcoidia, are marked and the PCR primers based on these gene sequences are expected to detect a fragment of the expected length only from the members of the Dehalococcoidia or related bacteria, where the homologues of this gene/protein are found. Similarly, the gene sequences for many other CSPs and the proteins with CSIs that are specific for members of the class Dehalococcoidia *Protein with accession numbers YP_181152.1 and YP_181731.1 show significant sequence similarity to each other. DProteins with accession numbers YP_181055.1, YP_180923.1, YP_181067.1, YP_180984.1, YP_182216.1 and YP_180830.1 show significant sequence similarity to each other. dProteins with accession numbers YP_181380.1 and YP_181580.1 show significant sequence similarity to each other.
§Proteins with accession numbers YP_182254.1 and YP_181069.1 exhibit significant sequence similarity to each other. ||A protein from Desulfitobacterium dehalogenans also shows significant sequence similarity to YP_180923.1. Molecular signatures for Dehalococcoidia are also highly conserved and based upon them multiple sets of PCR primers can be designed, which are expected to selectively amplify/detect the corresponding gene fragments only from members of the class Dehalococcoidia or closely related bacteria, as described in earlier work for other groups of bacteria (Griffiths et al., 2005; Gao & Gupta, 2005; Ahmod et al., 2011) . Thus, the molecular markers described here could prove useful in the identification of both known as well as novel members of the class Dehalococcoidia in different environments (Löffler et al., 2000; Löffler & Edwards, 2006; Yan et al., 2009 ).
The cellular functions of all of these CSIs and most of these CSPs are presently not known. However, earlier work on a number of CSIs in proteins such GroEL, DnaK and Gyrase B, which were specific for other groups of bacteria, provides evidence that the discovered CSIs are essential for cellular growth for the groups of bacteria where they are found (Singh & Gupta, 2009; Schoeffler et al., 2010) . Earlier studies also indicate that the CSPs, which are specific for particular lineages, also play important roles in these bacteria (Fang et al., 2005) . Thus, further studies on understanding the cellular functions of the identified CSPs and CSIs could prove useful in identifying some novel aspects of the bacterial class Dehalococcoidia.
